agricultural productivity and sustainability. The second Nosema species with a sequenced whole genome is N. bombycis. It has a GC-rich (~33%), gene-dense genome (~15.69 Mb) which is among the largest known microsporidian genomes (Table-1 (Pan et al., 2013) In this study, we retrieved the available proteome data on the four species of Nosema (N. apis, N. bombycis, N. ceranae and N. antheraea) and identified the transporter proteins within the dataset using an in silico workflow. Furthermore, we classified the complete transportome of these four organisms into channels, secondary carriers and primary transporters based on the Only those proteins whose TM domains were predicted by at least two of the three tools were selected for further analysis. Furthermore, a two-way analysis of conserved domains of the filtered proteins was carried out using a local installation of InterProScan (version 5.17) uncharacterized transporters, respectively, so they were not probed further in this study. The distribution of the transporter protein families and their substrates in N. apis, N. bombycis, N. ceranae and N. antheraea has been shown in Table 2 , 3 and 4. require ATP, should be a preferred choice for this organism. Our study showed that a total of thirty-three proteins from the four Nosema species belonged to Class 1 out of which α -type channels were the most commonly expressed transporters (Table 2) . N. antheraea had the largest arsenal of channels (15 no.s) among the four species and N. apis had the least (3 no.s). Liu, 1972) . These channels are conserved in eukaryotes, comprise of a number of nucleoporins and are responsible for nuclear cytoplasmic exchange. Apart from these, three species-specific transporter families (present only in one of the microsporidia) were discovered within Class 1-The autotransporter-1 (AT-1) family in N. 
[3.2] Class 2: Secondary carrier-type facilitators
Secondary carrier-type facilitators, also known as electrochemical-potential driven transporters, represent Class-2 of TCDB and employ a carrier-mediated process involving uniporters, symporters and antiporters for transport. We observed a total number of 101 transporters of Nosema belonging to Class 2 (Table 3) . N. bombycis had the highest number of secondary transporters (forty-two) out of all the four species studied here. All the Nosema transporters from Class 2 were classified as porters (uniporters, symporters and antiporters) and other families like ion-gradient driven energizers or transcompartment lipid carriers were absent. Nosema, like any other microsporidia, is also dependent on the host cytoplasmic contents for survival and proliferation. To obtain a plausible view of the core transporters of Nosema genus, we compared the transportome of N. apis, N. bombycis, N. ceranae and N. antheraea (Figure 3) .
Then, we compared the existing data on reviewed and unreviewed microsporidian transporters from UniProt to the complete set of Nosema transporters. Observation of the transporters according to host specificity shows that the share of ion transporters differs between the honey bee and silkworm parasites (Refer Table 2 The importance of these transporters in the microsporidian should be experimentally verified.
[
5] Conclusion
The current scenario of apiculture and sericulture is threatened by microsporidians of Nosema genus and new strategies are required to tackle these parasites. Since microsporidia are entirely dependent for some crucial substrates like ATP, sugar, nucleotides etc. on its host, the transporters for these substrates can act as critical components of a pest management strategy.
The broad spectrum of transporter proteins within the Nosema genus identified by us using available data can act as a valuable resource for future studies. This includes understanding microsporidian biology, inner mechanism and its relation to host variability. 
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